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(54) [Title of the Invention] 

PRODUCTION METHOD OF FOAMING THERMOPLASTIC RESIN PARTICLES 



(57) [Abstract] (Modified) 

[Objective] To provide a production method of small, highly spherical, expandable thermoplastic 
resin particles in an underwater cutting method and hot cutting method. 

[Construction] A die 2 with its surface thermally insulated is attached to the tips of extruders 1 A and 
IB. A rotary cutter 4 is installed in a non-contact state to the die 2 (heat insulator). Molten resin 
containing a foaming agent is extruded through a nozzle of the die 2 into cooling water, cut with a 
rotary cutter blade, and exhausted with the circulating cooling water through a cut section to 
manufacture expandable resin particles. Small, highly spherical, expandable resin particles of 0.8-2.0 
mm in diameter can be manufactured using the thermally insulated die 2, and damage to the cutter 
blade and the die 2 can be prevented by putting the cutter blade in a non-contact state to the die 2 (heat 
insulator). 
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[Claims] 
[Claim 1] 

A production method of expandable thermoplastic resin particles characterized by: 
using the die with which the front face was insulated in the manufacture approach of the expandable 
thermoplastic particles which cut the foaming agent content melting resin extruded from the die by a 
rotary cutter to be made as the resin particles; and arranging the rotary cutter in a die front face and the 
non-contact condition. 



[Detailed description of the invention] 
[0001] 

[Technical field of the invention] The present invention relates to a production method of expandable 

thermoplastic resin particles used as a molding material. 

[0002] 

[Prior Art] Conventionally performed is a method wherein a thermoplastic resin such as polystyrene 
is extruded in an unexpanded state as a foaming agent is injection-mixed, and cut to obtain expandable 
thermoplastic resin particles. In this case, it is preferred that the expandable thermoplastic resin 
particles be as small and highly spherical as possible to improve uniformity and other qualities of the 
molded products. 

[0003] However, by the widely applied strand-cut method, the particle shape becomes columnar, and 
disturbance to the strands and to the particle shape due to fusion is significant in producing small 
particles, making it difficult to produce expandable thermoplastic resin particles of about 2 mm or 
less in diameter. 

[0004] Attempted is a production method of expandable thermoplastic resin particles by the 
underwater cutting method and the hot cutting method which can produce spherical particles of 
uniform shape and diameter. 
[0005] 

[Problems to be Solved by Invention] However, in order to contact directly and to make cooling 

water flow to a die outside surface in these methods, in a nozzle, the temperature of melting resin falls 

rapidly, and solidifies, and it is easy to generate the blinding of a nozzle. 

3 



[0006] Although what is necessary is just to make temperature of a die and cooling water high for 
preventing this problem, since the temperature of melting resin also becomes high in connection with 
this, it will foam a little and will become a shape of flat, and cylinder-like resin particle. Moreover, 
cooling of melting resin will become inadequate in the die outlet section, and it will foam, or since the 
resin breathed out from a nozzle is flexible, cutting by the rotary cutter will become the resin particle 
and the flat-like resin particle which have a mustache-like projection rather than will be good. Also, 
there has been the problem that even cutting has not been possible unless the blade of the rotary cutter 
was put in contact with the die exit, damaging the die and/or the blade of the rotary cutter. There has 
also been the problem that when molding with such resin particles, fusion between the resin particles 
easily occurs, reducing molding efficiency. 

[0007] There is also the production method of expandable thermoplastic resin particles wherein raw 
material resin particles obtained by suspension polymerization are impregnated with a foaming agent. 
However, while the expandable resin particles obtained by this method are highly spherical, there has 
been the problem of significant variation in particle size, producing a large amount which cannot be 
used for molding. 

[0008] The present invention was made considering such conventional problems, and attempts to 
solve said problems in producing expandable resin particles by the underwater cutting method and 
the hot cutting method and to provide a production method of expandable thermoplastic resin 
particles which can produce small and high spherical resin particles which have heretofore not been 
produced. 
[0009] 

[Problem resolution means] In order to solve said problems, the present invention provides a 
production method of expandable thermoplastic resin particles that includes the steps of using the die 
with which the front face was insulated in the manufacture approach of the expandable thermoplastic 
particles which cut the foaming agent content melting resin extruded from the die by a rotary cutter to 
be made as the resin particles, and arranging the rotary cutter in a die front face and the non-contact 
condition. 

[0010] The present invention has been made as a result of diligently researching the influence of 
making the nozzle diameter small on the particle shape in order to produce spherical resin particles of 
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a small diameter. By using a die with its surface thermally insulated, a drop in the temperature of the 
molten resin inside the nozzle can be suppressed, preventing solidification of the molten resin, 
eliminating the need to make temperatures of the die or cooling water especially high. Hence, the 
molten resin temperature does not rise above a specified value, and there is no possibility of the resin 
particles expanding. Because the molten resin reaches the die exit by flowing efficiently, and is 
subsequently cooled rapidly by the cooling water and solidifies at the die exit, cutting can be 
performed with a rotary cutter in a non-contact state to the die surface, cutting the resin becomes good, 
obtaining small spherical resin particles having no beard-shape projection. 

[0011] While the production method of the present invention can be widely applied to various kinds 
of expandable thermoplastic resin particles such as expandable polystyrene system resin particles, 
expandable polypropylene system resin particles, and expandable polystyrene system resin particles, 
it is especially optimal when expandable polystyrene system resin particles are produced as spherical 
resin particles of 0.8-2.0 mm in diameter. Here, volatile physical foaming agents such as propane, 
butane, and pentane are used as the foaming agent. 

[0012] As the extruder used for executing the production method of the present invention, while the 
conventional extruder can be used as it is, it is preferred to use a two-stage tandem extruder which 
performs a process of mixing the raw material resin and a foaming agent at a high temperature and a 
process to extrude the molten resin containing the foaming agent at a lower temperature than in the 
previous process because of improved production efficiency. 

[0013] As the raw material for the heat insulator used for thermally insulating the die surface, 
materials such as synthetic resins having thermal conductivity of 1.0 (kcal/m-hr-°C) or lower, 
ceramics, and metals are preferred. Also, the heat insulator should be 0.1-1.0 mm in thickness and 
attached to the whole surface of the die or near the nozzle so that a molten resin is discharged through 
the die exit after passing through the heat insulator attaching section. 

[0014] The production method of the present invention is executed using materials, devices, and 
members such as those referred to above, wherein a thermoplastic resin and a foaming agent are 
mixed in an extruder. Next the molten resin is extruded through a die nozzle with a heat insulator 
attached and is rapidly cooled, and the resin which has started to solidify is cut with a rotary cutter 
installed in a non-contact state to the die surface. 
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[0015] 

[Examples] The present invention is explained in further detail hereafter by comparing Examples 
and Comparative Examples. 

[0016] (Example 1) The extruder of the two-step tandem system which uses each stage as the 
65mm<|) extruders 1 A and IB for the first step as shown in Fig.l, and the second step is used. It 
equipped with the die 2 which insulated that front face with the heat insulator 3 of the polyether ether 
ketone resin of thermal conductivity 0.1 (kcal/m • hr • °C) at the second step of head of 65mmphi 
extruder IB, and the revolution cutter 4 has been arranged in the state of non-contact at this die outlet 
edge. Pour a pentane into the expandable polystyrene resin fused in the first step of 65mmphi extruder 
1A, and it mixes at 210°C. This foaming agent (blowing agent) content melting resin at 130°C is 
extruded in cooling water as a strand of the diameter of 0.8mm from the nozzle of a die by the second 
step of 65mm4> extruder IB. The cutting edge of the cutter 4 which rotates at a die outlet edge cut, 
with the cooling water 6 through which it circulates, it discharged from the cutting section and the 
foaming resin particle 7 was manufactured. 

[0017] (Comparative Examples 1 and 2) The foaming resin particle was manufactured using the 
same ingredient as Example 1, equipment, a member, etc. except equipping with the die which has 
not insulated at the second step of head of 65 mm(|> extruder. 

[0018] (Example 2) A die 2 with its surface thermally insulated with a heat insulator 3 of polyether 
ether ketone resin having a thermal conductivity of 0.1 (kcal/m-hr°C) was attached to a 30 mm<j> 
extruder as shown in Fig. 2, and a rotary cutter 4 was installed in a non-contact state to the die exit. 
Pentane is injected into a molten expandable polystyrene resin, and mixed. Molten resin containing 
a foaming agent was extruded into cooling water through a nozzle 5 of the die 2, cut with the blade of 
a rotary cutter 4 at the die 2 exit and exhausted through a cut section together with circulating cooling 
water 6 to produce expandable resin particles 7. 

[0019] (Comparative Examples 3, 4, and 5) Except for attaching a die without thermal insulation, 
the same materials, devices, and members as in Embodiment Example 2 were used to produce 
expandable resin particles. 

[0020] (Comparative Example 6) Except for installing a rotary cutter in a contact state to the die 

exit, the same materials, devices, and members as in Example 2 were used to produce expandable 
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resin particles. 

[0021] The configuration of the expandable polystyrene resin particle obtained in the above 
Examples and the Comparative Examples, particle size, etc. are collectively shown in Table 1. 
[0022] 
[Table 1] 
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Table 1 





Resin 


Extruder 


Presence 
of 

insulation 


Temperature 
of Die 


between 
Die and 
Cutter 


Temperature 
of cooling 
water 
fC) 


Particle 
shape 


Existence of 
forming 


Particle 
weight 
(nig) 


Example 1 


Polystyrene 


tandem 


exist 


130 


Non 
-contact 


35 


spherical 


non-expanding 


0.6 


Comparative 
Example 1 


Polystyrene 


tandem 


not exist 


140 


Contact 


50 


flat 


Slightly 
expanding 


2.0 


Comparative 
Example 2 


Polystyrene 


tandem 


not exist 


160 


Contact 


60 


Infinite 
form 


Slightly 
expanding 


5.0 


Example 2 


Polystyrene 


30 mm<j) 

single 

extruder 


exist 


140 


Non 
-contact 


40 


spherical 


non-expanding 


1.0 


Comparative 
Example 3 

Comparative 
Example 4 


Poly 

-ethylene 
Poly 

-ethylene 


30 mrnc{) 

single 

extruder 

30 mm$ 

single 

extruder 


not exist 
not exist 


150 
160 


Contact 
Contact 


60 
70 


flat 

Infinite 
form 


expanding 
expanding 


4.0 
8.0 


Comparative 
Example 5 


Poly 

-ethylene 


30 mm4> 

single 

extruder 


not exist 


160 


Contact 


35 


Stopped 
up the 
Extruder 






Comparative 
Example 6 


Polystyrene 


30mirnj> 

single 

extruder 


exist 


160 


Contact 


35 


flat 


Slightly 
expanding 


1.0 
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[0023] From the above results, it has been confirmed that small and highly spherical expandable 
resin particles of 0.8-2.0 mm in diameter, difficult to produce by the conventionally known methods, 
can be produced by the production method of the present invention. 
[0024] 

[Effect of the Invention] By the production method of expandable thermoplastic resin particles of 
the present invention, small and highly spherical expandable thermoplastic resin particles of 0.8-2.0 
mm in diameter, conventionally difficult to produce, can be produced with high accuracy, and the 
production efficiency greatly improved. 

[0025] Because the resin is cut with a rotary cutter blade installed in a non-contact state to the exit of 
a die (heat insulator), damage to the die and the rotary cutter blade can be prevented. 

[Brief Explanation of the Drawings] 

[Fig. 1] A cross-sectional view of an embodiment of the extruders and the die used in the present 
invention. 

[Fig, 2] A cross-sectional view of another embodiment of the extruders and the die used in the 
present invention. 

[Explanation of the Codes] 

1A, IB, 1C: Extruders 
2: Die 

3: Heat insulator 
4: Rotary cutter 
5: Nozzle 
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[Fig. 1] 
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[Fig. 2] 



